In considering small deformation of solids, it is common to assume linear elasticity. Where large deformation is concerned, material non-linearity whether hyper elasticity, strain hardening, etc must be considered. In large deformation of textile composites, overall material non-linearity consists of (a) constituent material non-linearity, and (b) geometrical non-linearity due to strain-deformation relation. This paper firstly proposes a finite element procedure for obtaining the stiffness matrix of a representative volume element. The procedure involved is simple due to an effective decoupling methodology. Secondly, co-ordinate updating of the FE mesh is performed to allow readjustment to the fibre bundle elements in the RVE. This enables the process of fabric realignment to be theoretically mimicked to consider the influence of fibre bundle reorganisation on the overall stiffness of the textile composite hence geometrical non-linearity.
INTRODUCTION
Previous analytical approaches for constitutive modelling of textile composites consider the efficiency of reinforcement [1] [2] [3] [4] whereby stiffness of the material under consideration is defined in terms of the load-carrying ability of the fibres and their orientation. Analytical methods for upper and lower bounds for the composite stiffness were obtained using the stiffness averaging (Voigt) and compliance averaging (Reuss) techniques respectively [5, 6] . The gap between upper and lower bounds were narrowed in finite element (FE) analysis considering plane strain and plane stress respectively [7] . Where large deformation is concerned, the readjustment of fibre orientation induces change in the composite constitutive relation. In dealing with large deformation of textile composites, the realignment of fibre bundle must be taken into account, in addition to matrix material non-linearity, to give a fuller description on the stress-strain behaviour of the composite material under consideration.
Due to the lack of consideration of rearrangement of textile reinforcement, or geometrical nonlinearity, the paper sets out to achieve the following objectives: (1) to propose a cost effective method of generating composite properties valid for small deformation (linear consideration) and valid for large deformation (geometrical non-linearity consideration), and (2) to evaluate the significance of geometrical non-linearity in comparison with the linear model.
THEORY
Consider a composite structure consisting of periodic repeat units, as shown in Fig.1 periodic repeat unit can be isolated and modelled to give a representative volume element (RVE) to describe the stress-strain relationship of the composite material based upon the properties of the constituent materials, the reinforcement geometry and the volume fraction. It is generally known that the constitutive relationship of any solid can be written as: 
The equivalent stiffness matrix for the RVE under study can be sought by first rewriting Eq.(1) as:
where [ e ] is a series of six strain states:
e e e applied to the FE mesh constituent of the composite RVE. The resultant nodal forces, and hence stresses, are obtained from the FE mesh to give the respective series of six stress states: 
An easy method of obtaining the constitutive relationship of a material at infinitesimal deformation is satisfied thus far.
In considering large deformation, the displacement of each FE node of the RVE due to the application of the series of strain states on the RVE surface are incorporated. The allowance for relocation of FE nodes enables the fibre bundle elements, within the RVE, to realign itself with respect to its surrounding matrix material elements. From the stress free new RVE, further application of strain states as in Eq. (6), with its resultant surface stress states as in Eq. (7), leads to further changes in the RVE moduli, [dD] . The updated material stiffness is hence
TEXTILE COMPOSITES IN GENERAL
Various textile structures are available for reinforcements in structural applications and in forming processes. Though high strength is sought after in both applications the former require high stiffness, whilst the latter low stiffness during processing [8, 9] . As far as structural applications are concerned, it is well accepted that the overall fibre bundle should be highly aligned in the direction of applied load [3 6 ]. Sheet forming of textile composites, on the other hand, require low fibre orientation especially in the direction of stretching to enable ease of deformation. As large deformation is undesired for structural applications, the following appraisal shall be confined to sheet forming processes. Three examples of textiles for reinforcement woven, braided and knitted are discussed in this section followed by a numerical simulation in Section 4.
One of the most common textiles is the woven fabric. The biaxial plain woven fabric, as depicted in Fig.2 , is defined by alternative interlacing of fibre bundles. Stiffness is therefore maximum in the two fibre directions but minimum in the diagonal direction [10, 11] . This enables the fabric to be used as reinforcement, which, in addition to providing strength, allows deformation to take place by means of shearing, or the Trellis Effect. During the course of forming, the fibre bundles become more aligned in one direction than the other. The change in fibre bundle orientation in itself the geometrical non-linearity gives an overall composite material non-linearity even though each phase remains within its own linear elastic region. In perusal to Fig.2 , the stiffness in the direction of loading increases due to fibre reorientation The braided fabric as furnished in Fig.3 (flat braid) resembles a woven fabric with the following exception: (a) the fibre bundle in a braid is continuous throughout the braid structure as shown by the zigzag arrow; (b) may exist in a flat, tubular or rod form. A woven fabric, albeit not one with perpendicularly directional fibres, can be obtained from a braided fabric by cutting the two edges of a flat braid such that the fibre continuity is eliminated. Starting from a tubular braid, the same woven fabric can be obtained by cutting along the tube in the fibre direction. Consider now a biaxial but not necessarily with perpendicular fibre directions a woven fabric, and a braided fabric. It can be observed that these two fabric composites share equal overall material properties though, from a structural viewpoint, the continuity of fibre bundle in the braided form gives higher structural strength. The Trellis Effect as mentioned for woven fabric applies for braided fabrics. The ability to be sheared enable the tubular braided fabric to undergo spherical forming and tube bending. In spherical forming of braided fabric composite tubes, the portion which undergoes circumferential expansion experiences a change in fibre orientation whereby the fibre tilts more to the circumferential direction, as depicted in Fig.4 [12] , on the consideration of negligible fibre extension in comparison to the Trellis Effect. In tube bending of braided fabric composite tubes, the portion undergoing tension would have the fibre bundle reoriented towards the tube longitudinal direction while the portion experiencing compression would have the fibre bundles realigned towards the tangent of the tube circumference [13] . Both of these examples of tubular braid composite forming point to the occurrence of geometrical non-linearity.
For the third example, we turn our attention to knitted fabrics as reinforcements. They as a class of fabrics consisting of loops or interloping fibre bundles [14, 15] . The stiffness of knitted fabric composites can be tailor-made for biomedical engineering [16, 17] and sheet forming applications [18, 19] by manipulating the stitch densities. Knitted fabrics can be classified into weft-knit and warp-knit, and the simplest of these are in the plain form as furnished in Fig.5 . The knitted fabric structures are more complex than the two previously mentioned textiles and, in sheet forming processes, the following modes of deformation can be identified: (a) straightening of the curved loops, (b) slippage at the point of contact between overlapping yarns, and (c) elongation of the fibre bundles. Analytical models can prove tedious if all these three modes are accounted for. The following section provides a numerical example for a plain weft-knitted fabric reinforced polymer undergoing large deformation with due consideration to the geometrical non-linearity.
PLAIN WEFT-KNITTED FABRIC REINFORCED POLYMER
A polypropylene (PP) reinforced with plain weft 
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knit Kevlar (K-49) fabric is chosen for large deformation illustration due to the following reasons: (a) PP was chosen as matrix material due to its low melting point (T m =176°C) and hence ease of deformation at moderately elevated temperature. (b) K-49 was chosen as reinforcement material due to its high toughness. (c) Plain weft-knitted fabric structure was chosen due to its ability to stretch by means of fibre bundle straightening. ( I/ *3D ( I7 *3D * I/7 *3D * I77Ã *3D n I/7 n I77 ( P *3D * P *3D n P
The procedure given in Eq.(6) to Eq.(12) is applied for a plain weft-knitted fabric composite ( Fig. 6 ) with the properties given in Table 1 . See Appendix 1 and Table 2 for basic details.
The PP properties shown in Tables 1 and 2 [20, 21] are considered at an elevated temperature to suit application in thermoforming processes.
Results of composite material properties at infinitesimal deformation are listed in Table 3 . The generated result (in MPa unit) can be summarised in terms of the order of magnitude: Table 2 :Basic properties of K-49 [20] and PP at thermoforming condition [21] *The fibre transverse shear modulus was not given and was therefore calculated from Eq.(22).
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Consideration of the largest 2 orders of magnitude shows that the plain weft-knitted fabric composite resembles an orthotropic material, i.e.
while inclusion of the third largest order reveals the composite as a monoclinic material: (13) [ ] ae ae ae ae ae ae ae ae (14) Observation based on the order of magnitude suggests the plain weft-knit fabric composite to behave primarily as an orthotropic material and secondarily as a monoclinic material.
The stiffness coefficients for large deformation are shown in Fig.7 . A sample of stress-strain curves for application of strain in the course direction and in the wale direction are displayed in Figs 8 and 9 respectively based on the results of [D] matrix. A higher stiffness in the wale direction than in the course direction may well be attributed to a higher degree of fibre alignment in the wale direction than in the course direction. Albeit an almost linear correlation between stress and strain, results show that there exist deviation from the linear material behaviour due to fibre orientation. This may well be explained by the following. Whilst straining of the RVE in a certain direction increases the fibre alignment and hence stiffness in that direction, the occurrence of fibre bundle slippage at the point of overlaying 
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CONCLUSIONS AND SUGGESTIONS
A new FE methodology for obtaining the constitutive properties of a solid is proposed in this paper. This method was then extended to the large deformation of a generalised textile composite with due consideration to the fabric reorientation. Results of the case study on a plain weft-knitted fabric-composite considered shows evidence of fibre reorientation on the constitutive property albeit its limited influence.
Among the features in this methodology are: 1. Results are directly obtained in terms of 3-dimensional properties. 2. Its simplicity due to complete decoupling towards obtaining each stiffness constant, D. 3. Possible consideration of generalised anisotropy. No pre-knowledge of material symmetry required. Instead, the type of material under study can be characterised from the generated [D] matrix. 4. Updating of co-ordinates allow for fibre reorientation in the RVE as well as for RVE reshaping and resizing. 5. Consideration of large deformation and fibre orientation are particularly essential in deformation manufacturing processes such as sheet forming but not for critical load bearing or structural applications. 6. Where structural applications are concerned, the present method of obtaining the constitutive relation at infinitesimal deformation is still applicable. No updating of co-ordinates is required for small deformation.
Consideration of fibre bundle mesh size correction and combining the effects of constituent material non-linearity and geometrical non-linearity is expected to contribute towards refinement of the present model and are hence suggested for future work.
